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Metallic transition metal dichalcogenides (MTMDCs) have manifested many intriguing properties
in their bulk states, such as magnetism, charge density wave, and superconductivity. Very recently,
nano-thick MTMDCs have been reported to be essential building blocks for constructing
next-generation electronic and energy-storage applications, and more significantly for exploring
unique physical issues associated with the dimensionality effect. However, the batch production of
such envisioned few-layer MTMDCs remains challenging based on the existing physical or
chemical exfoliation methods. Our group reported the direct synthesis of high-quality
semiconducting and metallic TMDCs materials on both conducting Au foils and insulating
substrates towards different applications . Particularly, we designed a facile chemical vapor
deposition route (CVD) for the direct production of 1T-VS, nanosheets on SiO,/Si substrates,
which represented spontaneous superlattice periodicities and excellent electrical conductivities
(~3x10° S cm™), enabling a variety of applications as contact electrodes.™ Subsequently, we also
developed a van der Waals epitaxial strategy for the direct synthesis of metallic
1T-VSe, monocrystalline nanosheets on mica viaa similar CVD method.!" Very recently, we
have also obtained thickness-tunable 2H-TaS, flakes and centimeter-size ultrathin films on an
electrode material of Au foils. Extrahigh hydrogen evolution reaction (HER) efficiency was
demonstrated on the CVD-grown 2H-TaS,/Au foils, with the efficiency even comparable to the
traditional catalyst of Pt. YAl these work should provide brand new insights into the direct
syntheses and property investigations of nano-thick metallic 2D TMDCs crystals.
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5 SrTiO3(STO) is the workhorse oxide semiconductor. The single-crystal STO (001) has two
different surface terminations, TiO, and SrO. One most remarkable observation in previous studies
is that only the heterointerfaces with TiO,-terminated STO, which usually combines with polar
oxides such as LaAlO;, host an electron gas (EG). In this work, we report that an extremely robust
EG can be generated between a non-polar oxide, CaHfO3, and STO (001) with either termination.
Unlike the well-known EG of LaAlO5/STO, this new EG essentially has no critical thickness of
CaHfOs;, can survive a long-time annealing in oxygen at high temperature, and its transport
properties are stable under exposure to water and other polar solvents. In addition, the excellent
dielectric properties of CaHfO; enable us to control this EG by electrostatic gating, and
field-effect devices with good performance are demonstrated. These results show that this new EG

is unique and promising for applications in oxide electronics.
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Fig. 1 Field effect transistor with CaHfO,/STO heterointerfaces with different terminations of STO.
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Abstract: Quantum spin Hall (QSH) insulators are two-dimensional (2D) systems with 1D spin
conduction channels at the edges. They are ideally suited for advanced spintronic applications, but
such systems are few. All experimentally verified systems thus far possess small band gaps
unsuitable for applications at ambient temperature. Finding a material that is easy to make and
also possesses a large gap is a topic of great interest and importance. We report the successful
growth of a quasi-freestanding WSe, single layer with the 1T’ structure that does not exist in the
bulk form of WSe,. Using angle-resolved photoemission spectroscopy (ARPES) and scanning
tunneling microscopy/spectroscopy (STM/STS), we observe a gap of 129 meV in the 1T layer
and an in-gap edge state located near the layer boundary. The system’s 2D TI characters are
confirmed by first-principles calculations. The observed gap diminishes with doping by Rb
adsorption, ultimately leading to an insulator—semimetal transition. The discovery of this large-gap
2D TI with a tunable band gap opens up opportunities for developing advanced nanoscale systems
and quantum devices [1].

Key words: Quantum spin Hall effect, transition metal dichalcogenides, 1T’WSe,, angle-resolved
photoemission spectroscopy, molecular beam epitaxy
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Abstract:

Modulatingthe carrier transport behavior by gate voltage is an important strategyfor
developing electronic and optoelectronic devices. However, the previous gate modulation
technologies are generally applied in solid/semiconductor or liquid/semiconductor interface.Here,
based on the phenomenon of gas discharge powered by a triboelectric nanogenerator (TENG), the
technology ofsurfaceionicgate (SIG) in the gas/semiconductor interface has been proposed, and
novel transistor and photodetector ofmonolayer MoS, have been developed by using SIG
modulation. In SIG-based transistor, the gas ions generated in gas discharge are adsorbed on
monolayer MoS,, which act as the gate to modulate the carrier concentration and electrical
transport. The modulation results can be controlled step-by-step by the operation cycles of TENG,
and a maximum on-off ratio of 10" in current has been obtained.InSIG-based photodetector,the
photocurrent recovery time of the monolayer MoS, device is about 74ms, which is reduced
approximately 90 times compared to that without SIG modulation. In additional, the photocurrent
of SIG-based photodetectorincreases linearly with time during a period of 120 s, which can be
used to develop a novel photodetector for luminous flux. The working mechanism of the
SIG-based transistor and SIG-based photodetector have been discussed.The SIGtechnology
proposed here can modulate the electrical transport properties and surface local energy band
structure of two-dimensional(2D)materials, which provides promising strategy for developing

novel 2D electronic and optoelectronic devices.

Keywords: surface-ionic-gate, triboelectric nanogenerator, gas discharge, 2D materials, electronic

and optoelectronic nanodevice
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[1] Epitaxial growth of ultraflat stanene with topological band inversion. J. Deng, A. Zhao*, Y.

Xu*, W. Duan, S.-C. Zhang, B. Wang* & J. G. Hou, Nature Materials 17, 1081 (2018).

[2] Epitaxial growth of highly strained antimonene on Ag (111). Y. Mao, L. Zhang, H. Wang, H.

Shan, X. Zhai, Z. Hu,* A. Zhao,* Bing Wang, Front. Phys. 13, 138106 (2018).

[3] Electron resonators in bilayer stanene grown on copper oxide surfaces, Y. Mao, H. Shan, A.

Zhao*, unpublished.

HEWH: EHxESWKAITRI(2017YFA0205004, 2018YFA0305603)

G1-17
LENRS: G
B2 VTe2 FE T2 R N B X AR 0] @ B SE =S (B A 55
WA, BEEH, B, KT HE. k. kFE L, KEA

T E A A A A, AL 1000190

Email: | xtzhu@iphy.ac.cn; weihuawang@iphy.ac.cn.

B BT R AL A R R e LA B R I TSR AT N, X T
VTe, B2 CDW ARZS I BRI ) 5223 [V ST AT SRR = o FRATTFH 237 SREAT & 1 )73 LA
IEAE 6H-SiC(0001) b fA 8@ AT RAK TRl E R E VTe, Wil . LR AR T AT5Y

(LEED) A= % 2% (STMOBEFL T VTe, B2 H 1) CDW. LEED SEE#R7R T 7E 19242
K 4bff) (4x4) CDW $748, ik STM 3kt 1 SEBR2s (o i (4x4)  fitb i 2 A i 2 2
P, IR T A ZEEHIE COW RS THTHE T 3 WRIREERIFRIE . i i

(STS) 7£ 49K FHRME|—/ 12meV ) CDW fgf. BATHI TAEFRAE T KT (4x4) CDW
RS FRVERE IR B 1) SE 25 [BEHE o BE7REE Ve, BZH 1) CDW WL AT REAFIEE R 18

Page 18



MK PR ITIRE (FSN) MRS (EPC) MU Z Ah R EIE -

R AT LR, TMD

23R

[1] G. Griiner, Rev. Mod. Phys. 60, 1129 (1988).

[2] A. M. Gabovich, A. 1. Voitenko, T. Ekino, M. S. Li, H. Szymczak, and M. P¢kata, Adv. Condens. Matter
Phys. 2010, 681070 (2010).

[3] P. Monceau, Adv. Phys. 61, 325 (2012).

[4] C.-W. Chen, J. Choe, and E. Morosan, Rep. Prog. Phys. 79, 084505 (2016).

[5] X.Zhu,J. Guo,J. Zhang, and E. W. Plummer, Adv. Phys.: X 2, 622 (2017).

F & H: National Key Research & Development Program of China (Nos. 2016YFA0300600
and 2016YFA0202300).

National Natural Science Foundation of China (No. 11874404)

Youth Innovation Promotion Association of Chinese Academy of Sciences (No. 2016008).

BAQIS Research Program No. Y18G09.

G1-18
LEE: G
BEEERREN 4K FesGeTe,
EFub, x5 AR

o KFhF R, AapBERLELERET, L& 200438

Email: Faxian@fudan.edu.cn

WE: BB AMBIERNAN RS, g S EmaY). 4B SR 4R
MRS A RAR AR L (1) o, “HERAVERDREAOUEA X TRERENE R G IWT T A &
HERS, FINAE BB T2 8 A G BRI N A ME. Bk, —4ER ARk
KT — BLA& SR AR BRI AN 37 284 — RV T R S ) B L 2 12 U R

Page 19



I Ebr. A, AAIE 4EREVEM R FesGeTe, Hid I 2R 71k, MIhsiol 7 = iR M — 4k
FENE o (BT O5 AR IR, YRR PERORL ) SR N I B A IR RIS 9 1 R
JOT A BLR E AOAERE, SRATRA T 70 T ARANME A KT, 21T FesiGeTe, R A K
%o T T ARAMER RS, BATHIF TSI Fes GeTe, FHR, [RI AT LAXTEL )
Wy AT RSB AT, T HE— P SCELRE S I REVE 32 . FE A BRI 4B 2%,
Fes. GeTe, F AT it e e BEIE 1) 380 KA HLIR AL, BRI S 1 b = () — R RRRATEL 2]
fESERE RE T, FATA e E . #AENES 2 MR T, 207008 7 kK —4Eek
FETE o 205 RAME R TVE B A AR S IR R I RE T, T DURS B 4% — 4RI R
HUREE, PO RS IR S R PR At 1R ) R

a b c

. by E "r' By g5 b
Ge ¢ .o‘ﬁiiir;-' J\d
Fe & o 8,000 ~ 03Q
Te @ . :ﬁ.:l.:o.‘- B0 \
L] .'.-lo.m,.v J\)
;, .00 M5 a
0% e"dasu%n.. .
0% L] n"aeﬂﬂ"ﬂ ®
00" L L 280}
0% e & 2 E‘ [ )
L (R s _® 380 K
° s J?SE“!;‘"& ¢ .

e — 1350 K
245k

. i i . . N L L
15 20 25 30 35 40 0.25 0.00 0.25
Fe/Te Ratio Field (T)

(K)

T,

FelTe ~ 2.58
T,~ 380K

Resistance (Q)

— 395 K
390 K

K1 “HEBRIIARL Fes, GeTe, ISR ZE M (a), Jo HLIELEE 1% (b) iz M & 45 R (o)
D] CAERIME B mE IR B
EEPEN
[11  Y.J Dengetal, Gate-tunable Room-temperature Ferromagnetism in Two-dimensional Fe;GeTe,,

Nature, 2018, 563, 94-99.

[2] Z. H. Li et al., Ultrahigh Curie temperature in 2D ferromagnetic Fes ,GeTe, thin films, submitted, 2019

EETH: EXARRIES (11474058, 11874116, 61674040)

G1-19
Tafls: G
ZHESRHE, FeiGeTe, AU AMRINEE K K =R
X, WAT, RERME, XIE, RAkR, S, X¥, BAR

B9 KRFHHEFER, ROMEERE LEBRT, 4200438

Email: Faxian@fudan.edu.cn

Page 20



WEGEW, IR T AERRRARL i T AR YRR SO AN B e e T R A AT RS 1T
2R USRI 77 145 2K B S AR SRS B IE AT A BRI, DR AR AR B TR R 5
MEMOBEME R AT EIN . T AERERON, BRI, B R R IR L RO i
g H e LR FE 2R T BB AR L LU R o BRI T Z4ER BT T, Wl 345 KRR =i
B mE BRI Oy E L IR, ATy T RANMEREAT T YRR FeysGeTe,
PRI R A (2 i)y, FRibfmd i i Fe AR R & T=RAENE (1] o 485
J2 A AR 2 p AR S S v il T A S LI AR G I . B R SR R, S B
IR N, VUZE FesGeTe, M/ IR 142 Ko BFFURIL, 18I Fe TTRB A, M
R e B e S A%, e AT HR TR 320 Ko 38 I 1 5] 41 — €00, FRATTHIE B v Jo B UGB ) 1
PEIR T FesGeTe, HHERR 1 Fe JEFREMIAEAE . KIUBLE 2 A KA AT B REVE A FesGeTe,
AT B R T SR SR T . AT KIS AR R+ & RIS
HARAR L TACRAER), s 4R AR AN R 25

=) e
a3
=
-
b
2
E
B
(19}
w
T
w
] ]
TRE)
=
&
=
g ; B O
E i 1 .
a = | sl
n S |
=4 - T ) 'T] e
=r - 1 a8 Tarmmaratuss ()
m ] - - = n - ] M ] 3 r

| oeg ) lraqm' ) Fisia T}
B 1 (a) - 4E kM FesGeTe, AR 2 A Ko 2 0 7 B 4 il XRD (b)Fil TEM ()75 FIHESE;(d)
Fi(e) 735l 2.5K T A BE AL BE AR ) s o B2 R DU, e P4 B DR AS IR BE R itz
KpIE . KA K, —4EkiiFe;GeTe,, =IREWIVE, HER IR — Eit

EE DU
[1] S. Liu et al., Wafer-Scale Two-Dimensional Ferromagnetic Fe;GeTe, Thin Films Grown by Molecular

Beam Epitaxy, Npj 2D Mater. Appl. 2017, 1 (1), 30
EEWH: EBxRERBEIESE (11474058, 11874116, 61674040)

Page 21



G1-20
S G
SBfRE-AERREP MR R
L. FR. KREF, BRI
BRFHEFFZ, AaHhBEELELRRE, 5200438

%m?

Email: Faxian@fudan.edu.cn

T2 DR, BB IR R BT SR BRSSP EET e
Jie =B ASHCN « H R R 5 BRI A 5 R R E B 20 B R ARG vh SE B S AR AL 0-m S
5% (1. 10 H A SRIGERBILOR, 42N R R L T =458 T SEkEA R, D 5 i
B PR AN JE MO B 5T, Bt FE 3 T B A T 0 T -k S P S5 1R Bt T AR AT
8o ERRBIER R, 252 22 18] (1 B et AORRE & 95 55 2 S0 2 30 oL 70 E L P BE 2
A, RIS IRBAE R EHAT N .

FATRI G HE BRSO G % 1 LRI LB S AR TR W) R I 208 R ARG s 4F, IF TR
(<10nm) W RTCAERUAVERS 7 (208 R AR G, 45 DX F I A IO RN B R e AT
WL B G ok 2 s 5 AL B A7 4 8 7 170 ) IR 1, AN R BRI A R itz (4
HS R R ) E AR RS 7 RS2 B3 22 m ARG (2], B8 Kuidans, BATK
Bl S H B SRR AL B, ZRIIL Y B e e BE AR A (A B 25 2 X 3 L X SR IR R A0

.
#E s £E
0
B
i
ERN
20
60
-180-150-120 -9 L 20 150 180

90 -60 -30 0 30 60
B/ (0e)

60
m7q:;7:‘>‘
20
-20
m><¥§£5>ﬁ
-60

50 180

-1200-1000 -800 -600 -400 -200 O 200 -180-150-120 90 ~60 -30 0 30 60 90 1|
B(Oe) B/ (0c)

B 1 -2 B R ARG IR 7 Uk

Page 22



K. LB KRR WIMERE T

EEPEN
[1] T. Kontos et al., Inhomogeneous Superconductivity Induced in a Ferromagnet by Proximity Effect,
Phys.Rev.Lett. 2001, 86(2), 304-307.
[2] Kartik Senapati et al., Spin-filter Josephson junctions, Nature. Mater. 2011, 10(11), 849-852.

EETH: EXARRIES (11474058, 11874116, 61674040)

G1-21

LS. G Decaying Majorana oscillations induced by
steplike spin-orbit coupling
P
M A K F

The Majorana zero mode in the semiconductor-superconductor nanowire is one of the
promising candidates for topological quantum computing. Recently, in islands of nanowires,
subgap-state energies have been experimentally observed to oscillate as a function of the magnetic
field, showing a signature of overlapped Majorana bound states. However, the oscillation
amplitude either dies away after an overshoot or decays, sharply opposite to the theoretically
predicted enhanced oscillations for Majorana bound states. We reveal that a steplike distribution
of spin-orbit coupling in realistic devices can induce the decaying Majorana oscillations, resulting
from the coupling-induced energy repulsion between the quasiparticle spectra on the two sides of
the step. This steplike spin-orbit coupling can also lead to decaying oscillations in the spectrum of
the Andreev bound states. For Coulomb-blockade peaks mediated by the Majorana bound states,
the peak spacings have been predicted to correlate with peak heights by a n=2 phase shift, which
was ambiguous in recent experiments and may be explained by the steplike spin-orbit coupling.
Our work will inspire more works to reexamine effects of the nonuniform spin-orbit coupling,

which is generally present in experimental devices.
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oscillations induced by steplike spin-orbit coupling",Phys. Rev. Lett. 122, 147701 (2019).
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Atomically thin magnetic metal halides and chalcogenides
grown by molecular beam epitaxy
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! School of Physics and State Key Laboratory for Optoelectronic Materials and
Technologies, Sun Yat-sen University, Guangzhou, China

*dyzhong(@mail.sysu.edu.cn

Magnetic spins are one of the most fundamental factors in condensed matters and play a key
role in many important properties such as magnetism, multiferrotics and superconductivity.
Magnetic materials have long been used in industry and daily life. The magnetic-spin related
behaviors are also considered for the potential applications in spintronics and quantum computing.
Two-dimensional (2D) magnetic materials, a member of the family of versatile 2D materials, are
new and simple platforms for investigating magnetic-spin related behaviors. However, so far the
available 2D magnetic materials, mainly prepared by mechanical exfoliation, are very rare. In this
talk, I will present our efforts on the growth of various 2D magnetic transition-metal halides and
chalcogenides with atomic thickness by state-of-the-art molecular-beam epitaxy technique. The
atomic structures, local electronic and spintronic properties are studied by high-resolution
scanning tunneling microscopy/spectroscopy and first-principles density functional theory
calculations. Our study paves the way for exploring new 2D magnetic systems (including
ferromagnetic, antiferromagnetic, quantum spin liquid, etc.), discovering novel spin-related

behaviors in low-dimensional systems, and constructing new physical models for collective
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interactions in condensed matters with magnetic spins.
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f#%L: Van der Waals (vdW) heterostructures formed by two-dimensional atomic crystals provide
a powerful approach towards designer condensed matter systems. Incommensurate heterobilayers
with small twisting and/or lattice mismatch lead to the interesting concept of moiré superlattices,
where the atomic registry is locally indistinguishable from commensurate bilayers but has
local-to-local variation over long range. In this talk, I show that such moiré superlattices can lead
to periodic modulation of local topological order in vdW heterobilayers formed by two massive
Dirac materials. By tuning the vdW heterojunction from normal to the inverted type-II regime via
an interlayer bias, the commensurate heterobilayer can become a topological insulator (TI),
depending on the interlayer hybridization controlled by the atomic registry between the vdW
layers. This results in a mosaic pattern of TI regions and normal insulator (NI) regions in moiré
superlattices, where topologically protected helical modes exist at the TI/NI phase boundaries. By
using symmetry-based k.p and tight-binding models, we predict that this topological phenomenon
can be present in inverted transition metal dichalcogenides heterobilayers. Our work points to a
new means of realizing programmable and electrically switchable topological superstructures from

two-dimensional arrays of TI nano-dots to one-dimensional arrays of TI nano-stripes.

XH#I: 2D materials, van der Waals heterostructure, moiré pattern, topological insulator,

spintronics
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Abstract:

In large-scale electronic applications of graphene, imperfections play a key role in controlling
the electrical properties. Here we directly probe the electrical-degradation effects induced by
wrinkles, grain boundaries, multilayered islands, cracks, holes, and adsorbates on millimeter-scale
graphene on a SiO,/Si substrate using a four-probe scanning tunneling microscope. By comparing
the local measurements near and far away from these imperfections, we quantify their impact on
the most important figures of merit including sheet resistance, carrier mobility, and residual
carrier-density variations in the vicinity of the imperfections. Angle-dependent measurements via
a van der Pauw geometry are then performed to determine the influence of imperfections on the
whole graphene flake. A key result is that, as long as the imperfections do not extend continuously
over the entire flake, the overall electrical properties of a graphene flake are not distinctly

impacted by the imperfections because carriers find the paths of least resistance. The four-probe
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method can also be extended to evaluate the degradation effects on electrical-transport properties

in other two-dimensional materials.

Keywords: graphene, degradation, imperfections, four-probe measurements, electrical properties
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interlayer sliding, magnetoelectric coupling and Moire pattern
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We report the first-principles evidence of 2D vertical ferroelectricity induced by interlayer
translation, which exists extensively in graphitic bilayer of BN, ZnO, MoS,, GaSe, etc.; the
bilayer of some 2D ferromagnets like MXene, VS, and MoN, can be even multiferroics with
switchable magnetizations upon ferroelectric switching, rendering efficient reading and
writing for high-density data storage. Especially, the electromechanical coupling between
interlayer translation and potential can be used to drive the flow of electrons as
nanogenerators for harvesting energy from human activities, ocean waves, mechanical
vibration, etc.. Ferroelectric superlattice with spatial varying potential can be formed in
bilayer Moire pattern upon a small twist or strain, making it possible to generate periodic n/p
doped domains and shape the periodicity of the potential energy landscape. Finally, some of
their multilayer counterparts with wurtzite structures like ZnO multilayer are revealed to

exhibit another type of vertical ferroelectricity with greatly enhanced polarizations.

g 4
X -qp o c-*(j :‘C\
-a_%@ 205

Fig.1 2D vertical ferroelectricity induced by interlayer sliding

Keywords: 2D ferroelectrics/multiferroics; interlayer sliding; van der Waals bilayer; Moire pattern

[1]1 ACS Nano 11, 6382 (2017)
[2] Wiley Interdiscip. Rev. Comput. Mol.Sci. 8, e1365 (2018)

[3]J. Phys. Chem. Lett. 9, 7160 (2018)
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Topological states in low dimensional systems
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In two dimensional topological insulators, topological edge states are protected by the
nontrivialtopology of the bulk bands, which supportquantum spin Hall effect. While there are
many theoretical predications on the twodimensional topological insulators, their experimental
identifications are still sparse. With scanning tunneling microscopy and molecular beam epitaxy,
we report the experimental observations of the topological edge states in several low dimensional
systems, including the step edge of bulk WTe,, Bi(111) thin films and Na;Bi(001) films.The
topological nature of the edge states is rigorously supported by first-principles calculations. Our
study enriches the topological systems in low dimensional WTe,, clarifies controversies on the
topological nature of Bi films, and develops an approach for inducing topological phase transitions
in Na3Bi films. These may provide platforms for further in-depth study of theirrelevant physics and

device applications.
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5§ : Water at surfaces and interfaces is of significant interest in multidiscipline research. The
presence of water layers has been found at the interface between two-dimensional (2D) materials
(e.g., graphene, MoS2) and various substrates [1]. However, the structure of the confined water
and how water intercalation influences the electronic properties of the 2D coating materials has
not yet been well characterized in a quantitative way.  Here, we use low-temperature scanning
tunneling microscopy based techniques to probe the electronic properties of water-intercalated
graphene on Pt(111). We find that the graphene becomes highly decoupled from the substrate,
allowing us to reveal the intrinsic properties of graphene, i.e., phonons and double Rydberg series
of even and odd symmetry image potential states. We also reveal that the graphene exhibits strong
p-type doping induced by water intercalation. Our work demonstrates that the electronic properties
of graphene can be tuned by the confined water layer at the interface between graphene and the

substrate [2].

KA graphene, water intercalation, scanning tunneling microscopy

EE PN

[1] P. Bampoulis et al, Water confined in two-dimensions: Fundamentals and applications, Surf. Sci.Rep.
2018, 73(6), 233.

[3] Z. Li et al, Strongly Hole-Doped and Highly Decoupled Graphene on Platinum by Water Intercalation, J.

Phys. Chem. Lett. 2019, 10(14), 3998.
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Abstract: Electronic transport properties of graphene are highly sensitive to adsorbates on its
surface. Adsorbates can affect graphene through doping, screening and scattering. Here, we study
the in-situ transport properties of graphene decorated with neutral dipolar organic molecules
(weak interaction) and 5d heavy metal atoms (strong interaction) under ultra-high vacuum
condition. Upon warming from 25 K, the electrical conductivity of bilayer graphene with
physisorbed CF;Cl molecules drops abruptly at 47K and exhibit additional inflection points at
60K and 69 K, which are identified as signatures of abrupt phase transitions in the adsorbate
overlayer. Adsorption of 5d heavy metal atoms on graphene has been theoretically proposed as an
effective means to enhance spin-orbit coupling in graphene. Neutral-current (spin, valley) Hall
effect in disordered single-layer graphene was detected by a non-local Hall bar geometry, and
disorder is tuned by the addition of Au or Ir adatoms. A reproducible neutral-current Hall effect is
found, while short relaxation length and lack of precession in a parallel magnetic field rule out

spin as the neutral-current source, and suggest that the neutral current is valley current.

Keywords: graphene; in-situ transport measurement; surface decoration; spin/valley Hall effect
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[2] Yilin Wang et al., Electronic transport properties of Ir-decorated graphene, Scientific Reports, 2015, 5:
15764.
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Spin-orbit coupling (SOC) has gained much attention for its rich physical phenomena and
highly promising applications in spintronic devices [Nature 539,509(2016)]. The Rashba-type
SOC in systems with inversion symmetry breaking is particularly attractive for spintronics
applications since it allows for flexible manipulation of spin current by external electric field.
Here, we report the discovery of a giant anisotropic Rashba-like spin splitting along three
momentum directions (3D Rashba-like spin splitting) with a helical spin polarization around
the M points in the Brillouin zone of trigonal layered PtBi2, giving rise to novel multiple
spin-split electron pockets. Due to its inversion asymmetry and reduced symmetry at the M
point, Rashba-type as well as Dresselhaus-type SOC cooperatively yield a giant 3D spin
splitting in PtBi2. The experimental realization of 3D Rashba-like spin splitting not only has
fundamental interests but also paves the way to the future exploration of a new class of

1

Energy

P i e S

= > =
k ——— k

in plane

in plane R

Fig.1: Sketch of th3D Rashba band structures. a. It has dispersion along k, with spin
degenerate along k, for k,=k,=0. b. In addition to the dispersion along k, direction, it shows
band splitting along k,.
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Abstract: Pt-based catalysts are still the promising catalysts for fuel cells, but their large-scale
usage suffers from high cost, low abundance, poor stability, poor oxygen reduction reaction (ORR)
reactivity on the cathode and CO poisoning on the anode. By using density functional theory, we
select a representative MXene, Mo,C, to screen out the best supported metal monolayer on Mo,C
(Mm1/Mo,C, M = Cu, Pd, Pt, Ag and Au) as catalysts towards ORR [1], aiming to find a
promising catalyst to replace Pt/C catalysts used in the proton exchange membrane fuel cells
(PEMFCs). We propose that Auy/Mo,C is a promising ORR candidate with good stability,
enhanced durability, comparable or even better ORR activity than the commercial Pt/C catalysts.
Besides, to improve the CO tolerance of the anode Pt/C catalysts, we study Mo,C-based single
atom catalysts (SACs) [2], single cluster catalysts (SCCs) [3] and single metal monolayer catalysts
(SMCs) [4]. We speculate that Zn/M0,CO, SAC and Cuz/Mo,CO, SCC can be used as good
catalysts for CO removal. Considering the influence of H, fuels, we suggest that Agy/Mo,C can
be used as a good catalyst for CO removal in H, feeds. It can be used not only as a filter
membrane connected to the anode of fuel cells for separating H, and CO, but also as an efficient
catalyst with high selectivity and activity for preferential oxidation of CO in the H, feeds. We
hope our present studies could advance the development of fuel cells and inspire more

applications about MXene catalysts.
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MAPbI; (MA = CH3NH;) 1E— BURRH s A it ot ARE, PRIHOG AR OL T o il 2%
IEFEE R R RRAMRARSE L BRI, T2 12 B 2K RH R IR A 5T, (HZA R
5 BRI HLARIA T 75 dr AT A2 ) 20 S FR VS R B RO b RS RS B4 K R
FER, TSSO MR B B S E 2 —, IO TIRR SN MAPbL St
RERUSEZM, AWETTH, A TEE PIEFNER] % T MAPbL 0K . GORIAMGEKF, #H7T T
TEUR I BRI R G VE RERISZ MR, IR R T 0 Haz itk BE Rt — 25 4% . W 7 K I MAPbI,
UK YRKERIGK A B BRI 1.56 eV, 1.58 eV Fl 1.57 eV, a4l 50 ns. 71
ns 1 109 ns, JEILH T REMIEFMAMINTE. BEAl, GORBFNGK Fr 1875 606 0 RN e 5k 5
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Abstract: Understanding the doping of Mott insulator is the key to uncover the mechanism of
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cuprate high-temperature superconductors (HTSC). Orthorhombic SrCuQO, (O-SCO) is a prototype
of one-dimensional Hubbard model and Tomonaga-Luttinger liquid, and its metastable phase
tetragonal SrCuQ, (T-SCO) is a parent compound of HTSC. Here, we report on the growth and
atomic-scale characterization of O-SCO films and T-SCO films by molecular beam epitaxy,
scanning tunneling microscopy/spectroscopy and scanning transmission electron microscopy. For
0O-SCO films, two types of terminated surfaces of striped Cu-O and reconstructed Sr-O are
identified. For T-SCO films, only CuO, terminated surfaces are found for further electronic
measurement.

With the doping of La*" in T-SCO films, we visualized the evolution of electronic structure of
SrixLaxCuO,, films that cover the entire electron- and hole-doped regime. The direct
investigation on the CuO, planes reveals that the doping does not change the fundamental
Mott-Hubbard band structure, but leads to a systematic shift of the Fermi level. The Mott
insulator-metal transition is accompanied with the low-lying electronic states, which exhibit a
remarkable dichotomy between electron- and hole-doped cuprates. Our results display how the
doping interacts with the ground state of HTSC at a wide range and provide experimental basis for

developing microscopic theories for cuprate superconductivity.
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Figure 1. Electronic structure of Sr;.La,CuO,;,
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from first principles. Calphad, 2014, 46, 184.

[2] Wu, R. et al. Large-area single-crystal sheets of borophene on Cu(111) surfaces. Nat. Nanotech. 2019,

14, 44.

EEWH: HEXARPIEFESTHNO. 11674176, 11874224)

G2-02
LEMART: G NEMREIZFRE SRR SIS R
Anomalous reflection and transmission at the surface of

Hyperbolic materials
Tia¥F, AHiRy
(R FRMHARKFT AL LREE, BRIEFELF)

KUHHAPEHE —FB RHREA R, V2 25 3 A AR A B R AR 2RO I 2 A PR XU 4
B, —RRANTE MR (RIS EL, hyperbolic metamaterials) 5 53— 2842 K ARG 57 i
(AR /2 hexagonal boron nitride) «  XUHMATELAA KII & 71k, RAF5H/HEKET
B RIRBHAL B A4 RARMK HAFAE 2 A 70 SLRDWHAT . JRATHETT 1 RO S A3 1w
JCEE SRS AT (BB o AL RARRDL A SR A — MERIS, IR PR DU G
FRM E. (D BATRPANG1]: (2 SR N NS EIP R F[2]

£ (D) 5O N EATRI -G BAI AR i NS AN, S REU R i o
T &RV, ST AR ANITE (the o-wave and e-wave). X T eI &, ERE—R
b AT AR MR R (SP) , EAKEESCAI AU« AEIX R BIPI, e-IB AN SRR 7R 58
SAFMERT . il eI HTRERU™ B B AT 72 SP sl BRERA — MR KHIWEAE: EIXA mHIm
MBS AT TFAH R, IX TR — P IF IRRIN

Page 44



fE (2 BB FIRRATEI A — R IR 1. RS O E, BURSMAA
BTN i AAERSOILE, RIS N S AE R IR A — s i, £E— XUt
BIX, ST LLEE ASOC A IRIR L, A RSSOt NS o a0 R B Oz BD Fios:

y

e A
S
o
R I

(a) (b) (c) (d)
WCAMEXFE R T _FIb A7 R i R T AR AL T [3].

[1] Sheng Zhou, Abdullah Khan, Shu-Fang Fu and Xuan-Zhang Wang, Optics Express 27, 15222 (2019).
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Ultrathin films often exhibit two-dimensional characteristics that are distinctly different from their
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bulk counterpart. In this work, we show thickness dependent inhomogeneous antiferromagnetic
(AFM) to ferromagnetic (FM) phase transition in Lao.7Sro.3MnO3 (LSMO) ultrathin films grown
on SrTiO3 (001) (STO) substrate. Combining scanning tunneling microscopy and magneto-optical
Kerr effect measurements, we have obtained the evolution of the magnetic state of the LSMO

ultrathin films as a function of thickness. Strikingly, the LSMO ultrathin films are electronically

phase separated in both lateral and vertical directions in thickness range between 4 and 7 unit cells.

Specifically, the films are formed by 3 unit cell thick antiferromagnetic base layers, on top of
which the layers consist of FM metallic nanodisks in AFM matrix. Our first principles calculations
unravel the rather counterintuitive physical origin of this mixed phase state; the formation of
FM/AFM domain boundaries is energetically favorable. At 8 unit cells, an abrupt shear strain
relief occurs by forming twinning patterns along [010] and [100] directions. After the shear strain
is relieved, the whole films transform into a uniform FM metallic state. Our observation reveals
the richness of electronic and magnetic phases for strongly correlated systems even in their

two-dimensional limit.
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[1] Bosai Lyu et al., Phonon Polariton-assisted Infrared Nanoimaging of Local Strain in Hexagonal Boron
Nitride, Nano Lett. 19(3), 1982-1989(2019).
[2] Zhiwen Shi et al., Amplitude- and phase-resolved nanospectral imaging of phonon polaritons in

hexagonal boron nitride. ACS Photonics, 2(7), 790-796 (2015).
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Tunable topological states
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[1] Moore, J. E. The birth of topological insulators. Nature 2010, 464 (7286), 194-198.

[2] Xia, Y.; Qian, D.; Hsieh, D.; Wray, L.; Pal, A.; Lin, H.; Bansil, A.; Grauer, D.; Hor, Y. S.; Cava, R. J.; Hasan,
M. Z. Observation of a large-gap topological-insulator class with a single Dirac cone on the surface. Nat. Phys.
2009, 5 (6), 398-402.

[31 Li, Y.; Sun, Y.; Zhu, W. W.; Guo, Z. W.; Jiang, J.; Kariyado, T.; Chen, H.; Hu, X. Topological LC-circuits
based on microstrips and observation of electromagnetic modes with orbital angular momentum. Nat. Commun.

2018, 9, 4598.
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f# % : Chiral phonons have been theoretically proposed [PRL 115, 115502 (2015)] and
experimentally verified [Science 359, 579 (2018)] in materials with hexagonal lattice. Here, we
theoretically predict and investigate the chiral phonons in the kagome lattice. We show that with
broken inversion symmetry, chiral phonons with large circular polarization can emerge at the K
and K’ high symmetry points. Different from the hexagonal lattice, these chiral phonons have all
three sublattices vibrating with the same chirality, and the vibration orbit can take an elliptical
shape. They possess valley-contrasting Berry curvatures sharply peaked at the K and K' valleys,
which can be used to separate the chiral phonons according to their valley label via the valley
phonon Hall effect. The pseudo-angular momentum for these chiral phonons have also been
studied, which determines the selection rules of electron-phonon interaction in the intervalley
scattering process. Furthermore, we show that by tuning the relative bond strength, there can be a
change in phonon chirality associated with a phonon branch switching. Our work enriches the
studies on chiral phonons, and offers a new probe for many fascinating quantum materials which

possess the kagome type lattice.

KH@1A: kagome, chiral phonons, pseudo-angular momentum

23R
[ 1] Zhang L, Niu Q. Chiral phonons at high-symmetry points in monolayer hexagonal lattices[J]. Phys. Rev.
Lett., 2015, 115(11): 115502.

[2] Zhu H, YiJ, Li M Y, et al. Observation of chiral phonons[J]. Science, 2018, 359(6375): 579-582.
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[1]J. Cai et al., Atomically precise bottom-up fabrication of graphene nanoribbons, Nature 466, 470, 2010.

[2] P. Ruffieux*, S. Wang* et al., On-surface synthesis of graphene nanoribbons with zigzag edge topology,
Nature 531, 489, 2016.

[3] S. Wang et al., Giant edge state splitting at atomically precise graphene zigzag edges, Nature comm., 11507,
2016.

[4] O. Groning*, S. Wang* et al., Engineering of robust topological quantum phases in graphene nanoribbons,
Nature 560, 175, 2018.

[5] S. Wang et al., On-surface synthesis and characterization of individual polyacetylene chains, Nature Chemistry,
Accepted

[6] Y. Zheng et al., Engineering of magnetic coupling in nonbipartite nanographenes, Submitted
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[1] Y. Wang et al., Tight-binding model for electronic structure of hexagonal boron phosphide monolayer and
bilayer, J. Phys.: Condens. Matter 2019,31: 285501.

[2] Y. Wang et al., Stress- and electric-field-induced band gap tuning in hexagonal boron phosphide layers, J.

Phys.: Condens. Matter 2019, https://doi.org/10.1088/1361-648X/ab36¢5.
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[ 1] Lu, YH*; Xu Wentao et al, Topological Properties Determined by Atomic Buckling in Self- Assembled
Ultrathin Bi(110), Nano Letters 2015, 15, 80-87
[2] Lu, YH*; Zhou Di et al, Multiple unpinned Dirac points in group-Va single-layers withphosphorene”, npj
Computational Materials 2016, 2, 16011
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[4] Wang, Y; Xiao CC; Lu, YH* et al, Two-dimensional ferroelectricity and switchable spintexture in ultra-thin
elemental Te Multilayer, Materials Horizons, 2018, 5, 521
[5] Xiao, CC; Wang, XW; Pi, XD; Yang, SYA; Feng, YP; Lu, YH*; Zhang, SB; Spontaneous symmetry
lowering of Si (001) towards two-dimensional ferro/antiferroelectric behavior, Physical Review Materials,

2019, 3, 044410
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Combining molecular-beam epitaxy (MBE), in-situ low temperature scanning tunneling
microscopy (STM), quantitative low-energy electron diffraction (LEED) and density-functional
theory (DFT) calculations, we discover a two-dimensional metal-P-network (MPhoN) when
phosphorous atoms are deposited on an Au(111) surface. The 2D structure is energetically
favorable and shows excellent match with both STM measurements and quantitative LEED
analysis. The new finding challenges previous reports that the (5x5) structure is a single layer blue
phosphorus, called blue phosphorene (blueP). Instead, the MPhoN structure shares many
characteristics with the well-known metal-organic-network (MON). Indeed, sp3 hybridization
provides P abundant layered allotropes that form the backbone for a variety of MPhoNs by
changing and tailoring the linker metal element. Our work provides insights to tailor low
dimension architectures of inorganic networks that maintain good long range order and are stable

in a wide temperature range.
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[1] Zhonggqiu Fuet al., Relativistic Artificial Molecules Realized by Two Coupled Graphene Quantum Dots.
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[1] Y. Zhang et al., Scanning tunneling microscopy of © magnetism of a single atomic vacancy in graphene,
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Stain effect on Quantum Spin Hall Phase in WTe2-type
Transition Metal Chalcogenides

Junwei Liu(x] % 1%)

The Hong Kong University of Science and Technology(# ##H4 K &)

The discovery of quantum spin Hall (QSH) effect engendered a new chapter of topological
materials research in condensed matter physics and materials science. In this talk, I will first
introduce our theoretical works about QSH phases in WTe2-type transition metal chalcogenides
with 1T’ structure. We predict monolayer MX2 (M=Mo, W; X=S, Se, Te) could realize QSH
insulator. Moreover, their topology can be easily tuned by external electric field, which motivated
us to propose a new type of transistor, called topological field transistor. Then, I will discuss
recent transport, ARPES and STM experiments on monolayer WTe2, where many of the
observations are consistent with monolayer WTe2 being a QSH insulator. Finally, I will talk about

our recent experimental and theoretical work about the strain effect on WTe2.
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1. X. X. Cui, D. Han,H. L.Guo,L. W. Zhou, J. S.Qiao, Q. Liu, Zh. H. Cui,Y. F. Li,C. W. Lin,L. M. Cao,
W.Ji, H.Petek, M. Feng. Realizing nearly-free-electron like conduction band in a molecular film through
mediating intermolecular van der Waals interactions. Nat. Comm. 10:3374 (2019).

2. H. L.Guo,X. X. Cui, W. Q. Zhou, D. Han,C. W. Lin,L. M. Cao, M. Feng. Linear scanning tunneling

spectroscopy over a large energy range in black Phosphorus.J. Appl. Phys. 124, 045301 (2018).
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1. K. Chen, X. Wan, W. G. Xie, J. Wen, Z. Kang, X. Zeng, H. Chen, J. Xu, Lateral Built-In Potential of
Monolayer MoS2 -WS2 In-Plane Heterostructures by a Shortcut Growth Strategy. Advanced
Materials27(4),6431-6437 (2015)

2. K. Chen, X. Wan, J. Wen, W. Xie, Z. Kang, X. Zeng, H. Chen, J. B. Xu, Electronic Properties of MoS,—WS,

Heterostructures Synthesized with Two-Step Lateral Epitaxial Strategy. ACS Nano 9(10), 9868-9876 (2015)
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3. L. Tao, K. Chen, Z. Chen, W. Chen, X. Gui,H. Chen, X. Li, J. B. Xu, Centimeter-Scale CVD Growth of
Highly Crystalline Single-Layer MoS2 Film with Spatial Homogeneity and the Visualization of Grain Boundaries.
ACS Appl Mater Interfaces 9 (13), 12073-12081 (2017)

4. X. Wan, K. Chen, W. Xie, J. Wen, H. Chen, J. B. Xu, Quantitative Analysis of Scattering Mechanisms in
Highly Crystalline CVD MoS, through a Self-Limited Growth Strategy by Interface Engineering. Small 12 (4),
438-445 (2016)

5. K. Chen, X. Wan, J. B. Xu, Epitaxial Stitching and Stacking Growth of Atomically Thin Transition-Metal
Dichalcogenides (TMDCs) Heterojunctions. Advanced Functional Materials 27, 1603884 (2017)

6. K. Chen, Z. Chen, X. Wan, Z. Zheng, F. Xie, W. Chen, X. Gui, H. Chen, W. Xie, J. B. Xu, A Simple Method for
Synthesis of High-Quality Millimeter-Scale 1T' Transition-Metal Telluride and Near-Field Nanooptical Properties.
Advanced Materials29 (38), 1700704 (2017)

7. X. Wan, K. Chen, Z. Chen, F. Xie, X. Zeng, W. Xie, J. Chen, J. B. Xu, Controlled Electrochemical Deposition of
Large-Area MoS, on Graphene for High-Responsivity Photodetectors. Advanced Functional Materials 27,
1603998 (2017)

8. L. Tao, K. Chen, Z. Chen, C. Cong, C. Qiu, J. Chen, X. Wang, H. Chen, T. Yu, W. Xie, S. Deng, J. B. Xu, 1T'
Transition Metal Telluride Atomic Layers for Plasmon-Free SERS at Femtomolar Levels. Journal of American

Chemical Society140 (28), 8696-8704 (2018)
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[1] Zhang et al, Tribotronics—A new field by coupling triboelectricity and semiconductor, Nano Today 2016,
4, 521-536.
[1] Cheng et al, Managing and maximizing the output power of a triboelectric nanogenerator by controlled

tip—electrode air-discharging and application for UV sensing, Nano Energy 2018, 44, 208-216.
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[1]  Junmeng Guo et al., Piezotronic Effect Enhanced Flexible Humidity Sensing of Monolayer MoS2, ACS

applied materials & interfaces. 2018, 10 (9), 8110.

HEEWH: ERERFFEIESTH (NO.51472056)

G2-26
LS G
Selective trapping of hexagonally warped topological surface
states in a triangular quantum corral
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The surface of a three-dimensional topological insulator (TI) hosts two-dimensional massless Dirac fermions
(DFs), the gapless and spin-helical nature of which leads to their high transmission through surface defects or
potential barriers. Here, we report the behaviors of topological surface states (TSS) in a triangular quantum corral
(TQC) which, unlike a circular corral, is supposed to be totally transparent for DFs. By real-space mapping of the
electronic structure of TQCs, both the trapping and detrapping behaviors of the TSS are observed. The selection
rules are found to be governed by the geometry and spin texture of the constant energy contour of TSS upon the
strong hexagonal warping in Bi2Te3. Our work indicates the extended nature of TSS and elucidates the selection
rules of the trapping of TSS in the presence of a complicated surface state structure, giving insights into the

effective engineering of DFs in TIs.

Z#CHR: Chen et al., Sci.adv. 2019, 5: eaaw3998
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Abstract

Engineering of magnetic coupling and understanding of its origin in nanographene are of peculiar
fundamental importance and potential application in graphene-based spintronics. Here, we report
the on-surface synthesis of a nonbipartite nanographene embedded with a five-membered ring and
their atomic-scale characterization on a gold substrate. Non-contact atomic force microscopy
imaging confirms the formation of atomically precise nanographene at single chemical bond level.
Scanning tunneling spectroscopy reveals that the nanographene hosts a single spin via the Kondo
effect. The magnetic order in covalently linked nanographene oligomers has been detected through
inelastic spin-flip excitation. We found that two neighboring spins in nanographene oligomers
antiferromagnetically couple with each other. The spin exchange interaction can be well
engineered by tuning the position of embedded five-membered rings as well as by adjusting the
angle between two neighboring nanographene units, consistent with mean-field Hubbard model
calculations. Our work demonstrates the ability to engineer the magnetic coupling in

nanographene with a nonbipartite lattice character.
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[1] S. Mangzeli, et al., 2D transition metal dichalcogenides. Nat. Rev. Mater. 2017, 2, 1.
[2] Q. H. Wang, et al., Electronics and optoelectronics of two-dimensional transition metal

dichalcogenides. Nat. Nanotechnol. 2012, 7, 699.

[3] X. Xi, et al., Ising pairing in superconducting NbSe2 atomic layers. Nat. Phys. 2016, 12, 139.

[4] J. M. Lu, et al., Evidence for two-dimensional Ising superconductivity in gated MoS2. Science 2015,
350, 1353.
[5] X. Qian, et al., Quantum spin Hall effect in two-dimensional transition metal dichalcogenides. Science

2014, 346,1344.

[6] Z. Fei, et al., Edge conduction in monolayer WTe2. Nat. Phys. 2017, 13, 677.

[71 S. Wu, et al., Observation of the quantum spin Hall effect up to 100 kelvin in a monolayer crystal.
Science 2018, 359, 76.

[8] S. Tang, et al., Quantum spin Hall state in monolayer 1T°-WTe2. Nat. Phys. 2017, 13, 683.

[91] Q. Ma, et al., Observation of the nonlinear Hall effect under time-reversal-symmetric conditions.
Nature 2019, 565, 337.

[10] K. Kang, et al., Nonlinear anomalous Hall effect in few-layer WTe 2. Nat. Mater. 2019, 18, 324.

[11] J. Cui, et al., Transport evidence of asymmetric spin—orbit coupling in few-layer superconducting
1Td-MoTe2. Nat. Commun. 2019, 10, 2044.
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1. Fanet al, Flexible Triboelectric Generator Nano Energy 2012, 1, 328-334
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2. Chenget al, Managing and Maximizing the Output Power of a Triboelectric Nanogenerator by Controlled

Tip-electrode Air-Discharging and Application for UV Sensing Nano Energy 2018, 44, 208-216.
3. Zhaoet al, The Self-Powered CO, Gas Sensor Based on Gas Discharge Induced by Triboelectric
Nanogenerator Nano Energy 2018, 53, §98-905.
4. Yanget al, The high-speed ultraviolet photodetector of ZnO nanowire Schottky barrierbased on the

triboelectric-nanogenerator-powered surface-ionic-gateNano Energy 2019, 60, 680-688.
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[1] Lei Zhang et al. J Phys. Chem. C 119(2015), 4217-4223

[2] Chuan Qian et al. J Phys. Chem. C 119 (2015), 14965

[3] Chuan Qian et al. Adv. Funct. Mater., 27 (2017), 1604933.

[4] Chuan Qian et al. ACS Photonics, 4 (2017), 2573

[5] Shitan Wang, et al, Appl. Phys. Lett. 114 (2019), 241602
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[1] R. Zhang et al., Chemical mapping of a single molecule by plasmon-enhanced Raman scattering, Nature
2013, 498, 82-86.

[2] S.Jiang et al,, Distinguishing adjacent molecules on a surface using plasmon-enhanced Raman scattering,
Nat. Nanotech. 2015, 10, 865-869.

[3] R. Zhang et al., Distinguishing Individual DNA Bases in a Network by Non-Resonant Tip-Enhanced
Raman Scattering, Angew. Chem. 2017, 129, 5653-5656.

[4] J. Lee et al., Visualizing vibrational normal modes of a single molecule with atomically confined light,

Nature 2019, 568, 78-82.
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ABC-stacked trilayer graphene (TLG) was predicted to exhibitnovel many-body phenomena due
to the existenceof almost dispersionless flat bands near charge neutrality point (CNP). Here, using
high-magnetic-field scanning tunneling microscopy, we present Landau Level (LL) spectroscopy
measurements of high-quality ABC-stacked TLG [1]. We observe an approximately linear
magnetic-field-scaling of valley splitting and spin splitting in the ABC-stacked TLG. Our
experiment indicates that the spin splitting decreases dramatically with increasing the LL index.
When the lowest LL is partially filled, we find an obvious enhancement of the spin splitting,
attributing to strong many-body effects. Moreover, we observe linear energy scaling of the inverse
lifetime of quasiparticles, providing an additional evidence for the strong electron-electron
interactions in the ABC-stacked TLG. These results imply that interesting broken-symmetry states
and novel electron correlated effects could emerge in the ABC-stacked TLG in the presence of

high magnetic fields [1,2].
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Figure 1 Broken-symmetry states and electron correlated effects in ABC TLG under high

magnetic fields
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ABC-stacked trilayer graphene; scanning tunneling microscopy; flat bands; broken-symmetry

states; Landau Level spectroscopy
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Abstract: During pulsed laser interaction on silicon surface, the transient electron lattices occur on
plasma resonance induced from faster photons on surface in our experiment. Here, it is interesting
that the electron crystals can be built on plasma surface induced by intensive faster photons on
silicon, which is similar with Wigner crystal in intensive electric field or intensive magnetic field.
In the two-dimensional (2D) Bravais lattices, the electron crystals of three-fold, four-fold and
six-fold symmetry lattices can be observed on plasma surface by using the reflecting Talbot effect
images. On these surface period lattices, the decay spectrum of faster emission on the 2D transient
electron crystal was measured, which is related to the faster decay peak with lifetime of 100 ns.
These new phenomena have a good application in preparing the PN junction of photo-electronic
devices, where the surface electron gas on plasma surface can inject into the top layer to build N
type region, and the positive ions under plasma can inject into the bottom layer for forming P type

region on silicon with defects in vacuum.
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Fig.1. Hexagonal lattice of transient electronic crystal observed, in which the inset describes its six-fold symmetry
Key words: Wigner crystal; Silicon; Electron crystals; Pulsed laser
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FHE: In defect engineering, the roles of cation doping and oxygen vacancy are generally played
individually in tailoring materials and the utilization of their cooperation is rare. Here, we report
an emergent magnetic phase transition near 18 K in Fe-doped SrTiO; with the presence of both
Fe dopants and oxygen vacancies. The effects of defect engineering on crystal and magnetic
structures were characterized with Raman spectroscopy and superconducting quantum
interference device, respectively. Moreover, with decreasing the temperature across the magnetic
phase transition, the coercivity of Fe-SrTiO; s increases from 104 Oe at 19 K to 7700 Oe at 2 K.

Our results of creating emergent magnetic phases with the coeffects of both cation dopants and
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oxygen vacancies pave a route to inducing novel quantum states in epitaxial films on Fe-SrTiOs;

single crystal substrates with the magnetic proximity effect.
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Facile and Versatile Functionalization of Two-Dimensional
Carbon Nitrides by Design: Magnetism/Multiferroicity,
Valleytronics, and Photovoltaics

Lei Li'(3 %). Menghao Wu' (2% %), Xiao Cheng Zeng” (' B2 %)

'School of Physics and Wuhan National High Magnetic Field Center, Huazhong
University of Science and Technology, Wuhan, Hubei, China 430074
*Department of Chemistry, University of Nebraska-Lincoln, Lincoln, NE 65588
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Abstract: Many graphitic carbon nitrides synthesized in the laboratory are featured with periodic
and uniform cavities. Here, we show ab initio calculation evidence that the two-dimensional (2D)
carbon nitrides may enable the “facile functionalization” when a domain of carbon nitride is
wetted by a solution of metal halides with mobile cations/anions. During the wetting process, each
cavity can be easily functionalized by a unit of metal halide. Compared with the prevailing
functionalization or doping strategies through either high-temperature diffusion of source ions or
through ion implantation by using accelerators, such room-temperature “wet-lab”
functionalization approach is more facile and efficient . More importantly, the wet-lab
functionalization not only can facilitate isolation of 2D monolayer, but also enable various new
and desirable properties by using different metal halides. Examples of novel properties enabled
include 2D magnetism and 2D ferroelectricity with high piezoelectric coefficient. The latter may
implement spin-independent valleytronics for non-volatile electrical manipulations. Moreover, the
wide bandgap of carbon nitrides can be reduced for applications in nanoelectronics and

photovoltaics. The tunable bandgaps, ranging from 1.0 to 2.5 eV, can be realized by controlling
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the metal-halide functionalization density, while the separation of electrons/holes can be facilitated
by the ferroelectric polarizations and heterostructure band alignments. P/N doping and PN
junctions can be also realized. Especially, multifunctional domains like P/N doped or
magnetic/ferroelectric regions can be selectively constructed through such functionalization with
different halides, followed by direct integration into a single sheet of carbon nitride, akin to the

P/N channels in silicon wafers.

Keywords: facile and versatile functionalization; two-dimensional carbon nitrides; bandgap tuning;

magnetism/multiferroicity; valleytronics
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i %#L: Superconductor-insulator/metal transition (SIT/SMT) represents a prototype of quantum
phase transition, where quantum fluctuation plays a dominant role and dramatically changes the
physical properties of low-dimensional superconducting systems. Recent observation of quantum
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Griffiths singularity (QGS) offers an essential perspective to understand the subtleties of quantum
phase transition in two-dimensional superconductors. Here we study the magnetic field induced
SMT in ultrathin crystalline Pb films down to ultralow temperatures. The divergent critical
exponent is observed when approaching zero temperature quantum critical point, indicating QGS.
Distinctively, the anomalous phase boundary of SMT that the onset critical field decreases with
decreasing temperatures in low temperature regime distinguishes our observation from previous
reports of QGS in various two-dimensional superconductors. We demonstrate that the anomalous
phase boundary originates from the superconducting fluctuations in ultrathin Pb films with
pronounced spin-orbit interaction. Our findings reveal a novel aspect of QGS of SMT in

two-dimensional superconductors with anomalous phase boundary.

JH#1A]: 2D crystalline superconductor, superconductor-metal transition, anomalous quantum

Griffiths singularity, superconducting fluctuation, spin-orbit interaction

23R
1. Y. Liu et al.,, Anomalous quantum Griffiths singularity in ultrathin crystalline lead films, arXiv: 1809.09353

(Accepted by Nature Communications)
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1# %£:We report on the investigation of the coverage-dependent rich phases formed by segregated
carbon atoms on Pt(111)at 78 Kutilizinglow energy electron diffraction (LEED) and scanning
tunneling microscopy (STM).Very different initial carbon phases can be obtained by slightly
varying the annealing conditions. We found that structures strongly depend on coverage. And the
transitions between different phases can be observed at 78 K as the rate of surface carbon
segregation slows down to proper scale for STM investigation. At coverage of ~0.25 ML, the
carbon atoms form three domains with a relative rotation of120°and each of the domain consists
of a rectangular structure (V3x2)rect-1C. Keeping the sample at 78 K, more and more
carbonatoms segregate from the bulk Pt and the carbon coverage increases. Interestingly, when the
coverage reaches ~0.3 ML, the carbon atoms prefer to form multi-clusters with 7-17 atoms and
the atomic arrangement within cluster is (V3xV3)R30°.Surprisingly, the carbon atoms can hop
between neighboring clusters occasionally, but not aggregate due to the repulsion between atoms.
With further increasing coverage to ~0.5 ML, the structure changes back to a rectangle but with
(\/3X2)rect—2C structure. And at ~1.0 ML, the structure evolves back to a three-foldstructure, i.e., a
close-packed (1x1) structure. Microscopically, the structure undergoes a series of striking
transitions with the increasing carbon coverage. Macroscopically, the three-fold symmetry of
Pt(111) is still maintained as rectangular structures are accompanied by three domains with
relative rotation of 120°. Our results provide an insight on the carbon coverage-dependent

structure evolution on Pt(111).

A 1] :surface reconstruction, scanning tunneling microscopy (STM),carbon, platinum, surface

segregation.
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Abstract: Recent experimental observation showed that the Kondo temperature of Co
adatoms placed at the center of nanocorrals on the surface of Ag(111) oscillates
strongly as a function of the diameter of the corral built by multiadatoms [Phys. Rev.
B 97, 035417 (2018)]. The understanding of the effect demands a theory to describe
the Kondo effect in the condition that multiadatoms are involved. We present a
theoretical study of the Kondo effect for a magnetic atom placed inside nanocorrals
using Green’s function calculations. Based on the standard mapping of the Anderson
impurity model to a one-dimensional chain model, we formulate a weak-coupling
theory to study the Anderson impurities in a hosting bath with a surface state. With
further taking into account the multiple scattering effect of the surrounding atoms, our
calculations show that the Kondo resonance width of the atom placed at the center of
the nanocorral can be significantly tuned by the corral size, in good agreement with
the experiments. The method can also be applied to the atom placed at an arbitrary
position inside the corral where our calculation shows that the Kondo resonance width

also oscillates as the function of its separation from the corral center. The prediction is
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further confirmed by the low-temperature scanning tunneling microscopy studies
where a one-to-one correspondence is found. The good agreement with the
experiments validates the generality of the method to the system where multiadatoms

are involved.

Keywords: Kondo effect, Green’s function approach, quantum corrals, STM/STS
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Lab of Superhard Materials, College of Physics, Jilin University, Changchun 130012,
China

3International Center of Future Science, Jilin University, Changchun 130012, China

Searching for high performance electrode materials is one of the key factors for next
generation renewable energy technologies. Two-dimensional(2D) monolayer materials are widely
used in rechargeable batteries due to their high electrochemical performance and high surface ratio.
In this study, we take the first-principles swarm-intelligence structure calculations to research the
properties of a newly predicted 2D MX (M= Be, Mg, Ca, Sr; X = F, Cl, Br, I) serve as an anode

material for lithium-ion batteries (LIBs), sodium-ion batteries (SIBs) and potassium-ion batteries
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(PIBs).The predicted 2D MX sheets exhibit great stabilities, and excellent electrode
performances.Furthermore, the Mg,Clysheet exhibits superior LIB and SIBperformances with high
theoretical storage capacities (448.51 and 897.03 mAhgfl) and small diffusion energy barriers
(0.29 and 0.16 eV) for Li and Na atoms, respectively. The 2D Ca,F, not only preserves the large
Li/Na/K capacity (907.33 mAhg '), but also has low Li/Na/K diffusion energy barriers (0.18 eV
for Li, 0.09 eV for Naand 0.1 eV for K) insure Li/Na/K atoms easily transported on the
surface.Our theoretical results highly support that Mg,Cl, and Ca,F,would be a good anode

material for ion batteries.
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Mg;Bi, Films Grown by Molecular Beam Epitaxy

Tong Zhou. Xie-Gang Zhu. Zhen-Yu Wang

National University of Defense Technology, Changsha 410073
Institute of Materials, China Academy of Engineering Physics, Mianyang 621700

Email: zhoutongnudt@163.com

Abstract: Topological surface states (TSSs) are a class of novel electronic states with great
potential for topological quantum computation and spintronics applications. Materials with TSSs,

such as topological insulators and topological semimetals have emerged in the past decade as a
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major research focus in condensed matter physics. Nodal line semimetals (NLSs) are novel
proposed topological solid-state phases which host one-dimensional closed loops or line
degeneracies formed by the intersection of two bands. It is proposed as type-II NLSs when the
linear spectrum at every point of the nodal line is strongly tilted and tipped over along one
transverse direction, which may lead to different magnetic, optical, and transport properties
compared with conventional nodal loops. To date, only K4P; was theoretically predicted as a
type-1I NLS, but no candidate material has been experimentally reported.

This work investigates Mg;Bi,, which is predicted as owning TSSs and is an ideal materials
platform for studying type-1I NLSs. From first principles calculations, Mg;Bi, was predicted as a
three-dimensional (3D) topological insulator with spin-orbit coupling (SOC) and a type-II NLS
without SOC. A topology transition from 3D topological insulator to type-II NLS would be
expected by tuning the strength of SOC effect. In this work, we have grown Mg;Bi, films by
molecular beam epitaxy (MBE) which allows us to control the thickness of Mg;Bi, film layer by
layer. In-situ reflection high energy electron diffraction (RHEED) and ex-situ X-ray diffraction
(XRD) measurements were performed to confirm the high quality of Mg;Bi, films. First principles
calculations and in-situ angle resolved photoemission spectroscopy (ARPES) measurements were
performed to study the band structure of Mg;Bi,. The ARPES spectra are consistent with the first
principles calculations, and this work confirmed that the natural surface of our films is type-I
Mg-terminated. To further confirm the topology of its surface states, magneto-transport
measurements were performed. This work observed clear 2D weak anti-localization (WAL) effect
which is the hallmark of topological protected surface states. Therefore, This work has provided
strong experimental evidences for the existence of TSSs in Mg;Bi, film and paved the way to

study type-II NLSs.
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Figure 1 A pair of SRBs is clearly observed by in-situ ARPES. By comparing with the first
principles calculations, we confirm that Mg;Bi, film grown by MBE is Mg(1)-terminated and
Mg;Bi, film shows clear 2D weak anti-localization effects under low magnetic field, which is the

hallmark of topological surface states.

Key words: Topological Surface State, Molecular Beam Epitaxy, ARPES, weak anti-localization
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Z2E3CHR: [1] Jiang. M. M et al., Hybrid quadrupolar resonances stimulated at short wavelengths using coupled
plasmonic silver nanoparticle aggregation, Journal of Materials Chemistry C, 2013, 2(1): 56-63.
[2] Xu. Chun. xiang et al., Plasmon-enhanced ZnO whispering-gallery mode lasing. Nano Research,
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[2] Y. Wang et al.,An electronic perturbation in TiC supported platinum monolayer catalyst for enhancing
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electric-field-dependent topological phase transitions in
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i, DA, BERM, B, M

Using in situ angle-resolved photoemission spectroscopy, we systematically studied
molecular-beam-epitaxy-grown topological crystalline insulator SnTe(111) thin films with varied
thicknesses and substrate conditions. An oscillation in the band gap size with an increase in
thickness was observed to depend on the electric field perpendicular to the films. The observations
are consistent with the theoretically predicted thickness- and electric-field-dependent topological
phase transitions between the normal insulator and the quantum spin Hall insulator phases in
SnTe(111) films and demonstrate them to be an excellent and electrically tunable quantum spin

Hall system.

G-P028
LT G
Electrochemical properties of 3D NiCo,04 nanoflowers
Zhipeng Mao”; Yu Tian"; Guang Zheng"
A) School of Physics and Information Engineering, Key Laboratory of

Optoelectronic Chemical Materials and Devices of Ministry of

Page 128



Education,Jianghan

University, Wuhan 430056, China

Three-dimensional(3D) NiCo204 nanoflowers have been directly grown on a foamed
nickel substrate surface, using a hydrothermal method. The deposited thin films were
characterized for their structural, morphological and electrochemical properties by using XRD,
SEM, cyclic voltammetry and Chrono Potentiometrymethods. The 3D NiCo204 nanoflowers
were used as working electrode to measure the supercapacitor performance. The 3D NiCo204
nanoflowers exhibit high specific capacitance of 1460 Fg-1 at current density 1 Ag-1 . The
capacitance was 74.6% after 1000 cycles at a current of 10 mA . This shows a good cycle stability
and high rate capability of 3D NiC0204 nanoflowers. From this investigation it can be concluded
that the low cost and environmental friendly hydrothermal method could be used to deposit

efficient 3D NiCo0204 nanoflowers for supercapacitor application.
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anatase TiO, (001) surface at near room temperature
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Abstract. Coupling reactions have been reported on the widely-investigated TiO, including
anatase (001) surface which is the most reactive one based on theoretical calculations. Our
temperature-programmed desorption (TPD) experiments discover a series of C-C coupling
products while exposing large amounts of methanol at near room temperature, and we determined
their chemical formula by using the isotopes of H and O. Comparing with low energy electron
diffraction (LEED) and scanning tunneling microscopy (STM) results, we believe that the reaction
occurs on the (1x4) reconstructed ridge. The yields of products change with the increase of
exposure, and the dominant products change from CH3;COOH and CH;COOCH; to —-CH,OCH,-
(ethylene oxide) and CH;CHO, from CH3CH,OH to CH;0CH,CH,OH. These conversions are
also confirmed by X-ray photoelectron spectroscopy (XPS) and STM, allowing us to look into the

related structure evolution. We find two different adsorptions of methanol, along the ridge or
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perpendicular to the ridge forming a pair, the latter is quite unique only taking away oxygen atom
from the ridge rather than from methanol, desorbing at ~570K as ethylene oxide which is the only

product at this temperature.
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Figure 1. Products of C-C coupling reaction of methanol on anatase TiO, (001) surface at near
room temperature and the yields conversion as the exposure changes. (A,B) TPD spectra of m/z =
43, 45,59, 73 & 75 from different exposure of CH3;0H at 270K, spectra has been moved vertically
for better demonstration. (C) Yields conversion of the products as the exposure changes. (D,E)
STM images of clean (1.8V, 10pA) and heavily exposed (3V, 10pA) TiO, surface, scar bar: 10nm.
Insert: corresponding fast fourier transform images. (F) TPD spectra of m/z = 30, 43 & 45 from
0.4L (one monolayer) CH;OH at 110K and 1.13x10'L CH;OH at 270K. Insert: STM image (1.5V,
4pA) of fully adsorbed CH;0H at 80K, each 1x4 unit has 4 CH;0H molecular, size: 3.2nm x

2.6nm. (G) TPD spectra of m/z = 43 from 2.2x10°L CH;0H at 270K and preannealing to 450K.

Key Words: C-C coupling, TiO,, methanol, ethylene oxide, TPD, STM
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It is known that an isolated single-molecule magnet tends to become superparamagnetic
even at anultralow temperature of a few Kelvin due to the lowspin switching barrier. Herein,
single-molecule ferroelectrics/multiferroicsis proposed, as the ultimate size limit of memory, such
that every moleculecan store 1bit data. The primary strategy is to identify polar molecules
thatpossess bistable states, moderate switching barriers, and polarizations fixedalong the vertical
direction for high-density perpendicular recording. First-principles computation shows that several
selected magnetic metal porphyrinmolecules possess buckled structures with switchable vertical
polarizationsthat are robust at ambient conditions. When intercalated within a bilayerof 2D
materials such as bilayer MoS2 or Crl3, the magnetization can alterthe spin distribution or can be
even switched by 180° upon ferroelectricswitching, rendering efficient electric writing and
magnetic reading. It isfound that the upper limit of areal storage density can be enhanced by
fourorders of magnitude, from the previous super-paramagnetic limit of ~40 to~10® GB*in.”, on
the basis of the design of cross-point multiferroic tunnelingjunction array and multiferroic hard

drive.
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Abstracts: As a powerful analytical tool of molecular detection, surface-enhanced Raman
scattering (SERS) has attracted great attention in varied fields. However, it has seriously impeded
the development of SERS that the preparation process is generally complicated and traditional
substrates lack eco-friendliness, economy and flexibility. Herein, we fabricated the inkjet-printed
paper-based semiconducting SERS substrates for the first time via an inexpensive office inkjet
printer with representative two-dimensional MoQOjs_ nanosheets ink. Compared with conventional
substrates, these paper-based semiconducting substrates not only could meet the requirements of
simple and large-scale preparation, but also realize efficient sample collection by merely swabbing
the surface. We obtained the detection limit concentration of Rhodamine 6G as low as 107 M.
Furthermore, these flexible paper-based substrates were successfully applied to detect crystal
violet and malachite green on the fish surface by swabbing. With immense potentiality in practical
applications, the inkjet-printed paper-based semiconducting SERS substrates are expected to open

a new prospect for SERS.
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Figure 1: Schematic illustration of the fabrication process and applications for inkjet-printed

paper-based SERS substrates.

Keywords: inkjet-printed, paper-based, charge transfer, surface-enhanced Raman scattering
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Two-dimensional materials with special properties have attracted widespread interest since
its birth. Here we propose an effective approach to fabricate large multilayer MoS,bubbles. We
find out that two dominant peaks on the bubble (AlgandElzg) shift to lower wavenumber from
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Raman spectra measurement,as well as strong photoluminescence (PL) emissions for both
direct-gap and indirect-gap transitioncompared with flat areas.The key difference is that three PL
signals are strongly enhanced on the bubble structure while indirect-gap transitions on flat MoS,
flakes at 1.3 or 1.4 eV are hard to detect. Due to the special structure of bubbles, optical standing
waves can be formed in the vicinity of the multilayer MoS, bubble, which clearly shown in PL
oscillation images.First-principles calculations further unveiled the evolution process of band
structuresand charge density distributions of multilayer MoS, under a series of strain and
separation distance.Evolutionsof band gap betweensome conduction band minimums and valance
band maximumsand charge density around two layers indicate that three main transitions with one
direct and two indirect gaps can be realized in multilayer MoS, crystal, consistent with PL

measurements.
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Abstract:

In order to obtain the carbon nanodots dispersed in the solid state films, carbon-rich amorphous
hydrogenated silicon carbide (a-SiCy:H) films were prepared by PECVD method and were
subsequently annealed at Argon protective environment for 30 mins with different annealing
temperatures (T,). Raman spectra show that the amorphous carbon nanodots were formed within
the a-SiC,:H films as T, is equal to and higher than 600 °C. Meanwhile, the decomposition and
transformation from sp3 C to sp2 C of the carbon nanodots can be inferred by the Raman spectra
with increasing T,. XPS analysis suggest that the near-surface oxidation become strong as T, >
600 °C which can be contributed to the chemical bond reconstruction and the formation of carbon
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nanodots within the films. UV-Vis spectroscopy present that the thickness of the a-SiC,:H films
may be diminished and the surface of the a-SiC:H films may become more rougher as T, is higher
than 600 °C. The decrease of the optical band gap derived from the measured absorption spectra of
the films can be attributed to the formation and graphitization of the carbon nanodots within the
a-SiC,:H films. HRTEM measurements indicate that the improvement of the dispersion, the
enhancement of the areal density and the size reduction of the carbon nanodots take place within
the a-SiC,:H films with increasing T,. However, the dispersion of the carbon nanodots embedded
in the a-SiCi:H films is still very bad compared with that of the CQDs dispersed in chemical
solvents. PL measurements show that the PL signals may originate from the related defect states
rather than the carbon nanodots within the a-SiCy:H films. This work will be meaningful for
providing a new avenue for the preparation of carbon quantum dots and useful for their

application in solid state optoelectronic devices.

Key words: Carbon nanodot; PECVD; a-SiC,:H films; Annealing treatment
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There is growing interest in ultrafast light-induced phase transitions. Here we
use a time-dependent ab initio package (TDAP) to simulate electronnuclear dynamics
in graphite under femtosecond laser excited conditions. Following the photoexcitation,
graphite undergoes dramatic structural changes. The interlayer spacing of graphite
rapidly contracts to about 2 angstroms within the first 130 femtoseconds, and then
gradually forms interlayer bonds. The optical excitation of graphite transfers electrons
from the valence band to the conduction band, generating a strongly nonequilibrium
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distribution. Electronic excitation leads to coherent lattice responses in graphite.
Initial carrier relaxation is dominated by the interaction with the specific strongly
coupled optical modes, i.e.,I' - E2g2 and K — A1’. Photoexcitation provides a possible

nonthermal path for the transformation of graphite into hexagonal diamond.
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Abstract 2D group-VA materials have been received considerable concerns due to their natural
potentials in the photonic and optoelectronic applications. Over the past years, all 2D group-VA
materials have been well studied theoretically and, especially, a majority of them have been
successfully fabricated in experimentally. The phosphorene as the first one possesses high carries
about 1000cm>V™'s" and a tunable direct band gap, from 0.3eV in the bulk to 2.0eV in the
monolayer. However, the instability of phosphorene restricts its application. Antimonene and
bismuthene in the same group as alternatives have been deeply investigated. However, the only
remnant named arsenene had not been fabricated(1-3).

Here we demonstrate here that monolayer arsenene can be successfully fabricated on Au(111)
surface at low temperature. An image with atomic-level resolution through utilizing Scanning
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Tunneling Microscope (STM) and its Fast Fourier Transform (FFT) image directly display a
lattice constant of 3.85A. Crystal phase of arsenene was evolved into amorphous phase after the
room temperature overnight. Same amorphous phase was produced when arsenic grew at room
temperature. When amorphous phase consisted of chain-like mesh is annealed to ~673K, new
phases emerged. The successful preparation of monolayer arsenene stands for the addition of the

last member of the group-VA.
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Figure 1. (a) High-resolution STM image of arsenene film (B phase). Inset shows the possible
structure. (b) FFT image of (a). (c) Neat edge structure of arsenene and some sparse arsenic
particles might implicit growth model of arsenene. (d) A profile across the edge in (c). (¢) Density
of State of arsenene grown on Au(l111), where the edge state at about +0.09V emerges. (f)
Amorphous phase of chain-like structure formed at room-temperature. (g) A new ordered phase

labeled as w emerged after annealing sample to 673.5K.
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Counterfeiting is a long-standing global problem that poses a threat to the security of
individuals and society and has a negative impact on the development of the global economy.
Therefore, the development of anticounterfeiting technology is particularly important to prevent
serious counterfeiting in the market. In the past few decades, various methods have been proposed
to distinguish fake and forged banknotes, such as bar code, laser holograms, and optical
watermarks. Recently, the growing demand for optical anticounterfeiting technology has
motivated intensive research in newly emerging halide perovskite quantum dots (QDs). However,
the poor stability and unsatisfactory fluorescence efficiency of such materials are the main
obstacles to the application of reliable anticounterfeiting. In this work, we performed a
well-controlled investigation of the effect of the surfactant (r-a-phosphatidylcholine, LP) and
silica encapsulation on the stability and emission of the CsPbBr; QDs. Because of the synergetic
effect of the surfactant and core/shell configuration, the resulting CsPbBriy/LP/SiO, QD
composites demonstrated a higher photoluminescence quantum yield (>90%), a better color purity,
and a significantly improved stability in heat, ultraviolet light, water, and ambient oxygen, which

provide them the basic conditions as a high-tech security ink for anticounterfeiting. By inkjet
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printing technology, we demonstrated that our CsPbBr3;/LP/SiO, QD composites can act as a smart
concealed ink for information encryption and decryption. More importantly, the anticounterfeiting
effect can be efficiently sustained even though the paper with designable patterns was crudely
treated by water-soaking, heating/cooling cycling, and continuous ultraviolet light switching (1500
cycles). The above results obtained provide effective strategies to improve emission efficiency and

stability of perovskite QDs, thereby enduing them anticounterfeiting application potential.

Key words: perovskite, quantum dots, surfactant, coating, anticounterfeiting
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